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Abstract.

This guidedescribeshe useof the AutomaticDifferentiationin C (ADIC) system ADIC is asuiteof toolsandlibrariesthatautomates
theproces®f generatinglerivativesfor scienti ¢ programsin the contextof solvingPDESs,optimizationssensitvity analysisandinverse
problemsresearchersftenrequirethe derivatives of afunction expressedsaprogramwith respecto someinput parameter(s)

. Automatic differentiation(AD) techniquesaugmenthe programwith derivative computatiorby applyingthe chainrule of calculus
to elementaryoperationdn an automatedashion. ADIC usessophisticatedompilertechniquego augmenthe input C programswith
derivative computatiorcapabilityin anautomatidashion.It alsoprovidesa ner controlof derivative codegeneratiorprocesssia control
scriptsandpragmasAnothersigni cant capabilityof ADIC is its componenarchitectureAlF, thatallows ADIC' s capabilityto beextended
via plug-inmodules.

FormoreinformationaboutADIC, seehttp://www.mcs.anl.gov/adic
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Chapter 1

Intr oduction

Derivativesplay animportantrole in computationakcienceandengineering Automaticdifferentiation(AD) is
atechniquéor evaluatingderivativesof a functionwritten asa computemprogramby applyingthe chainrule of
differentialcalculusat the elementaryoperationevel. SinceAD differentiatesalgorithmsratherthanformulas,
it candealwith arbitraryprogramgepresentinghesealgorithms.

ADIC (Automatic Differentiationin C) is an AD tool to get accuratederivatives of programswritten in
ANSI-C. Givena setof C source les, ADIC producesa new setof C source les enhancedvith derivative
computatiorcapabilities.The generatedourcesaremadeasportableaspossible.ln additionto ANSI-C, ADIC
currentlysupportsomeC++ programsalthoughhecoverageof thelanguageas incomplete notablywith regard
to templatesgexceptions,andoperatoroverloading. Readersare referredto [4] for a system-lgel overview of
ADIC.

1.1 Terminology

We rst de ne severaltermsthatareusedthroughouthis manual:
Independentariablesare programinputvariableswith respecto which derivativesaredesired.
Dependenvariablesare programoutputvariablesvhosederivativesaredesired.

A derivative object representssome derivative information, such as a vector of partial derivatives
of somevariable with respecto avector .

Any progranmvariablewith which a derivative objectis associateds calledanactivevariable.Putanother
way, aninactivevariableis a oating-point variablethatdoesnothave anassociatederivative object,de-

terminedeitherthroughanalysisor userannotationsADIC currentlyconsidersll oating-pointvariables
asactive, unlessxplicitly speci ed otherwiseby theuser We canextendthis notionfurtherfor functions:
aninactivefunctiondoesnot performary derivative computationgvenif oating-point computationsre

involved. The usercanalsospecifyinactive userde ned types.All elementf aninactive typearealso
inactive; for example,if astructthatcontainsoating-point elds hasbeendeclarednactive, noderivative

objectswould beassociateavith its components.
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Figurel.1: Generatinglerivative codewith ADIC.

1.2 Overview of the ADIC System

The ADIC systemcomprisessariousprogramsscripts,headersandlibraries. The processingstagesof auto-
maticdifferentiationusingADIC areshavn in Figurel.1. Themainstagesreasfollows:

A list of source les to be differentiateds collected. The list alongwith an optionalcontrol scriptis
submittedo the ADIC system.

For e xibility, theprocessingf sourcecodeis dividedinto severalstagesThesourcesre rst fedintothe
preprocessoy which dealswith C preprocessadirectivesand macroexpansionglike the C preprocessor
cpp) but alsoembedsnformationrequiredto recreatecertainoriginal directvesandmacroswhengener
atingthe derivative code. Theresultsarefedinto themainprocessoy which generateshe derivative code
with the help of AIF modules AlIF modulesareanalogoudo PC peripheralcardsin the sensethatthey
canbe “plugged” into the ADIC “motherboard”. Eachmoduleprovidesa certainde ned functionality
Similarly to peripheratards AIF modulescanbe eld installedby users.The detailsof AIF modulesand
theirtypesaregivenin [4] and[3]. Hereit is sufcient to notethatAlF modulescontainthe core“rules”
for performingautomaticdifferentiation. The generateadcodeis thenfed into a seriesof postpocessors
(in a pipelinedfashion)that provide the ability to performfurthertextual transformationsOneroutinely
usedpostprocessas purse , acomponendf theADIntrinsicssubsystento handlentrinsicfunctioncalls
(e.g.,sqrt andcos).

Thederivative codeanda driver arethencompiledandlinked togetheito producethe nal program.The
ADIC systemprovidesa setof headerandlibrariesrequiredto compileandlink thederivative code.



Chapter 2

Getting Started

In this chapterwe shaw theinstallationof the ADIC systemandtherequiredsetup.

2.1 SystemRequirements

ADIC usesa standardC preprocessoto expandmacrosand handlepreprocessodirectives. The defaultpre-
processors cpp availableon mostUnix systems.The preprocessoof the GNU gcc compilermay be speci ed
insteadthrougha command-lineptionor a controlscriptentry

2.2 Installation

The ADIC systemis distributedasa compressedrchie le:

1. Notethe machineandoperatingsystemyou areusing,andmakesureyou have the correctversionof the
software.The formatof the ADIC distributionarchie is “adic-x.xx-madinetargz”, where“x.xx"” spec-
i es the softwareversionandmadine speci es a particularmachineand operatingsystemcombination,
suchasLinux for Intel x86 or Solarison Sparcs.ADIC is supportedn the following platforms: Solaris
(SFARC), Linux (x86), HPUX, AIX (IBM RS6000)andIRIX. It is usuallypossibleto compile ADIC-
genented codeon architecturesot listed here. The sourcecodefor the librariesrequiredfor linking is
includedin thedistribution.

2. Decidewhereto install the ADIC system. The archive le unpacksinto a directorycalledadic . The
following exampleinstallsADIC underinstall-d ir .

% cd install-dir
% gunzip -c adic-x.xx-solaris.tar.gz | tar xvf -

2.3 Directory Structure

In this section,we presentan overview of the standardirectorystructureof the ADIC system which is com-
monfor all platforms. The bin andlib directoriescontainsubdirectoriegor eachplatformwherearchitecture-
dependentes arelocated.Thestandarglatformdirectorynamesareirix |, linux , rs6000 , hpux, solaris
andwin32 .



bin : Variousexecutablesandscripts.

bin/ arch: Architecture-dependeptrograms.

include : Headerles for runtimelibrary routinesneededluringthe compilationof the derivative code.
lib : Precompileduntimelibrariesandnecessaryles. Architecture-dependeres arein subdirectories.
lib/ arch: Architecture-dependetibrary les.

lib/src/  module Thesourceto theruntimelibrariesof thecorrespondingnodule.

modules/ module Module-speci cdataarestoredunderthe correspondingnodulesubdirectorypnly modules
thatrequiresuchdatahave a subdirectory

doc, doc/ module Documentatiorior ADIC andsomemodules

examples , examples/ module Samplecodesto testthe systemandmodules.

In addition,the ADIC distributioncurrentlycontainghefollowing AIF modules:
Gradient : thestandardlacobiarmodule.

Hessian : thestandardHessiarmodule.

2.4 Setting Up the Environment

BeforerunningadiC , you mustsetthe ADIC andADIC_ARCHervironmentvariablesandupdatethe searchpath
(examplesbelon assumeheuseof thecsh ortcsh shell):

1. SettheenvironmentvariableADIC to the basedirectorywhereADIC is installed. For example,if ADIC
wasunpackedn the/home/usedirectory setthe ADIC variableasfollows:

setenv  ADIC /home/user/adic

2. SettheervironmentvariableADIC_ARCHo oneof thefollowing:irix , linux , rs6000 , hpux, solaris
orwin32 , for example,

setenv  ADIC_ARCH solaris

Alternatively, setthe ADIC_ARCHvariableto thetypereturnedby the $ADIC/bin/ adic arc h command:

setenv  ADIC_ARCH "$ADIC/bin/adicarch’

3. Add the ADIC executablegirectoryto the commandsearctpath. Thefollowing exampleaddsthe ADIC
executableglirectoryasthe rst directoryto be searched.

setenv  PATH $ADIC/bin/$ADIC_ARCH:$PATH



2.5 Building Runtime Libraries

Runtimelibrariesare distributedin compiledform for eachsupportedlatform (alsoreferredto asa hostma-
chine).If the ADIC-generatedierivative codeis to be compiledfor a non-hostmachine(hereaftereferredto as
thetarget machine) the librariesmustbe compiledfor that machine. The sourcecodefor essentialibrariesis
includedin all distributions.

To compileall theruntimelibraries:

1. copythelib/src  directoryto thenew platform.
2. typemake clean tocleanuptheold objectles andcong les.

3. typemake to build thelibrary. GNU automakeandautocon gareusedto generatehe appropriatenake-
les for thegivenplatform.

Generally in additionto the standarduntimelibrariesthatcomewith the ADIC system,eachAlIF module
alsocomeswith its own setof runtimelibraries. Currently the standardADIC librariesare

libadic.a: Thislibrary is a containerfor a numberof distinctlibrariesthatmay be usedwith the ADIC-
generateatode.

libADIntrinsics-C.a: Thesourcecodeis in thelib/src/  adint ri nsics directory
libaif grad.a: Thesourcecodeis in thelib/src/  Gradi ent directory
libaif hess.a:Thesourcecodeisin thelib/src/  Hessi an directory

As additional AIF modulesare installed, their libraries mustbe built and installedfor the desiredtarget
machine.



Chapter 3

Running ADIC: An Example

In thischapterwe shaw a simpleexampleprogranthatwe wouldlike to differentiatehroughADIC. Theexam-
ple programconsistof four sourceles: func _main.c , func.h , func.c , andnorm2.c . We have deliberately
triedto usevariousC featuredor illustrationpurposesThe sourcecodesof this examplecomewith the standard
ADIC distributionandcanbefoundin theexamples/ Gradi ent subdirectory

1 #include  <stdio.h>

2 #include  "func.h"

3

4 int main() {

5 int i,

6 data_t data;

7 double x[MAXLEN], y[MAXLEN], r;
8

9 /* read in values*/

10 scanf("%d", &n);

11 for (i =0; i <n; i++) {

12 scanf("%lf %If",  &x]i], &y[i]);
13 }

14 data.len = n; datax = x; datay =y,
15

16 [*invoke the function*/

17 cos_angle(&data);

18

19 [*print the result*/

20 printf("%le\n", data.r);

21}

Figure3.1:File func _main.c .

The programcomputegshe cosineof the anglebetweentwo vectors and . Figure 3.1 shavs the main
functionthatreadsin the lengthandvaluesof the two vectorsfrom the user packsthedatainto adata t data
structure callsthefunc functionthatactuallycomputeghevalue,and nally printstheresult. The headerle
containingthe de nition of data _t is showvnin Figure3.2. Thefunc function(shavnin Figure3.3)usesthe
formula——— to calculate . It callsthenorm2 function(shavnin Figure3.4)to calculatethe 2-norm
of avector

Ourgoalis to generatelerivative codethatcomputeghe Jacobiarof theresultwith respecto . Thesteps
areasfollows:



1 #define MAXLEN 100
2
3 typedef struct {
4 int len;
5 double *x, *y,
6 } data_t;
7
8 void cos_angle(data_t*);
9 double norm2(int, double®);
Figure3.2: File func.h
1 #include  <math.h>
2 #include  "func.h"
3
4 void cos_angle(data_t* pdata)
5 {
6 double *x = pdata->X, *y = pdata->y, dotp, norm_x, norm_y;
7 int i
8
9 for (dotp = 0.0, i = 0; i < pdata->len; i++, dotp += *x++ * ry++)
10 ;
11 pdata->r = dotp/(norm2(pdata->len,pdata->x)*norm2(pdata->len,pd ata->y));
12 return;
13 }
Figure3.3: File func.c
1 #include  <math.h>
2
3 double norm2(int n, double *x)
4 {
5 double norm = 0.0;
6 int i;
7
8 for ( i=0; i<n; i++ ) {
9 norm += X[i]*x[i];
10 }
11 norm = sqrt(horm);
12 return  norm;
13 }

Figure3.4: File norm2.c .




1. Properlysetthe ervironmentvariablesandthe searchpathfor ADIC executablesasspeci edin Section
2.4.

2. Generatehe rst-order derivative codefor the functionsby invoking ADIC with the following options
(-v turnsontheverbosenode,and-d gradient speci estheGradient module):

% adiC -vd gradient  func.c
% adiC -vd gradient norm2.c

or by combiningthe source les on the samecommandline (this is not recommendedor large source
les):

% adiC -vd gradient func.c norm2.c

Thisgeneratedes calledfunc.ad.c  andnorm2.ad .c showvnin Figure3.6and 3.7.In addition,ADIC
alsogeneratesheaderad_deriv.h  (shavnin Figure3.8),whichisincludedin thegenerate¢odes.The
generatedes have beenslightly reformattedor readability

3. (OPTIONAL) Insteadof, or in additionto, specifyingsource les at thecommandine, you cancreatea
controlscriptcalledfunc.ini  t thatliststhe les to bedifferentiatedarbitraryscriptnamescanbeused,
but theinit extensionis convenientfor distinguishingADIC controlscript les). We wantto differentiate
thetwo functionsfunc andnorm2. The controlscriptis shovnin Figure3.5. Thesourceles donothave
to belistedin the controlscript;they maybespeci ed onthecommandine following the scripthname.A
controlscriptcanbe speci ed onthecommandine usingthe-i  option,for example:

% adiC -vd gradient -i func.init

[SOURCE FI LES]
func.c
normz2.c

Figure3.5: File func.ini  t.

4. Createadriver, basedbnthemain functionin func _main.c , thatcallsthe derivative function. Figure3.9
shaws the driver, which setsup the independenvariables calls the derivative function, and extractsthe
dervative values.

5. Compileandlink all the les, makingsurethepathto theappropriaténcludedirectoryis setandthenec-
essanylibrariesarelinked. Also, de ne thead .GRADMAXmacrowhich designateshe maximumnumber
of independentariables If thisis left unde ned,the maximumnumberof independentariabledefaults
to 5. An exampleof compilingandlinking the differentiatedles andthedriver follows:

% gcc  -ISADIC/include -Dad_GRAD_MAX=3-c func.ad.c norm2.ad.c  func_driver.c
% gcc -0 ad_func norm2.ad.o func.ad.o func_driver.o -L$ADIC/lib/$ADIC_ARCH
-IADIntrinsics-C -laif_grad -lm
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/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

DISCLAIMER /

This file was generated on 01/08/01 15:16:12 by the version of
ADIC compiled on 12/18/00 16:11:29

ADIC was prepared as an account of work sponsored by an

agency of the United States Government and the University of
Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT
NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING
ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS
OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR
THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR
PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE
PRIVATELY OWNELRIGHTS.

/

#include  "ad_deriv.h"
#include  <math.h>
#include  "adintrinsics.h"
typedef  struct {

int len;

DERIV_TYPE *x, *y, r;

} data_t;

void ad_cos_angle(data_t *);

void ad_norm2(DERIV_TYPE *ad_var_ret,int ,DERIV_TYPE *);
void ad_cos_angle(data_t *pdata) {

DERIV_val(dotp) = 0.0;

for (i = 0; i < pdata->len; ) {
ad_var_ 0 = i++
ad_var_1 = x++;
ad_var_2 = y++;
ad_loc_0 = DERIV_val(*ad_var_1) * DERIV_val(*ad_var_2);
ad_loc_1 = DERIV_val(dotp) + ad_loc_0;
ad_grad_axpy_3(&(dotp), 1.000000000000000e+00, &(dotp), DERIV_val(*ad_var_2),

&(*ad_var_1), DERIV_val(*ad_var_1), &(*ad_var_2));

DERIV_val(dotp) = ad_loc_1;

}

ad_norm2( &ad_var_3, pdata->len, pdata->x);

ad_norm2( &ad_var_4, pdata->len, pdata->y);

ad_loc_0 = DERIV_val(ad_var_3) * DERIV_val(ad_var_4);

ad_loc_1 = DERIV_val(dotp) / ad_loc_O;

ad_adj 0 = -ad_loc_1 / ad_loc_0;

ad_adj_1 = 1.000000000000000e+00 / ad_loc_0;

ad_adj_2 = DERIV_val(ad_var_3) * ad_adj_O;

ad_adj_3 = DERIV_val(ad_var_4) * ad_adj_O;

ad_grad_axpy_3(&(pdata->r), ad_adj_1, &(dotp), ad_adj_3,

&(ad_var_3), ad_adj_2, &(ad_var_4));
DERIV_val(pdata->r) = ad_loc_1,
}
void ad_AD_Init(int arg0) { ad_AD_Gradinit(arg0); }

DERIV_TYPE *x = pdata->x, *y = pdata->y, dotp, norm_x, norm_y;
int i;

int ad_var_0;

DERIV_TYPE *ad var_1, *ad_var_ 2, ad_var 3, ad_var 4;

double ad_loc_0, ad_loc_1;

double ad_adj 0, ad_adj_ 1, ad_adj_ 2, ad_adj_3;
ad_grad_axpy_0(&(dotp));

void ad_AD_Final() { ad_AD_GradFinal(); }

*/
*/
*/
*/
*
*/
*/
*/
*/
*/
*/
*/
*/
*/

****/

Figure3.6: File func.ad. c.
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/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

DISCLAIMER

/

This file was generated on 01/08/01 15:16:37 by the version of

ADIC compiled on 12/18/00 16:11:29

ADIC was prepared as an account of work sponsored by an

agency of the United States Government and the University
Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT

NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING
ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS
OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR
THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR

PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE

PRIVATELY OWNEDRIGHTS.

/

of

#include  "ad_deriv.h"
#include  <math.h>
#include  "adintrinsics.h"

void ad_norm2(DERIV_TYPE *ad_var_ret,int

DERIV_TYPE norm;

int i;

int ad_var_0;

double ad_adji_0, ad_loc_0, ad_loc_1;

static int g_filenum = O;
if (g_filenum = 0) {
adintr_ehsfid(&g_filenum, __FILE__, "ad_norm2");
}
ad_grad_axpy_0(&(norm));
DERIV_val(norm) = 0.0;
for (i = 0; i <n; {
ad_loc_0 = DERIV_val(x[i]) * DERIV_val(x]i]);
ad_loc_1 = DERIV_val(norm) + ad_loc_0;
ad_grad_axpy_3(&(norm), 1.000000000000000e+00, &(norm),
DERIV_val(x[i]), &(x[i]), DERIV_val(x[i]),
DERIV_val(norm) = ad_loc_1;
ad_var_ 0 = i++;
}
DERIV_val(norm) = sqrt( DERIV_val(norm)); [*sqrt*/
if ( DERIV_val(norm) > 0.0 ) {
ad_adji_ 0 = 10 / (2.0 * DERIV_val(norm));
}
else {
adintr_sqrt(1, g_filenum, __LINE__, & ad_adji_0);
}
ad_grad_axpy_1(&(norm), ad_adji_O, &(norm));
ad_grad_axpy_copy(&(*ad_var_ret), &(norm));
DERIV_val(*ad_var_ret) = DERIV_val(norm);
return;

nDERIV_TYPE *x) {

&(x[));

*/
*/
*/
*/
*
*/
*/
*/
*/
*/
*/
*/
*
*/

****/

Figure3.7:File norm2.ad .c .
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3.1 A CloserLook at the Preparation

Specifyingsource les. We do notprocesghedriver func _main.c throughADIC sinceit doesnot contain
ary codethatneedsto be differentiated. We alsodo not separatelyprocessunc.h  sincethe heademwill be
indirectly processedhroughfunc.c , whichincludesit: ADIC inlinesthedifferentiatecheadeiin thegenerated
code.

Writing a control script. A control scriptis atext le optionallyusedto ne-tune the behaior of ADIC.
It containsa set of bindings(key-value pairs) organizedinto sections. For example,the list of functionsor
variableghatshouldbemadeinactive canbespeci edin thescript. Controlscriptscanbenested SeeChapter7
for furtherdetailsandadescriptiorof all valid bindings.

Selectinga derivative AIF module. Therearemary differentwaysof computingandpropagatinglerivatives
throughexploiting the chain rule associatiity. Thesedifferentiation“rules” are embodiedin AIF modules.
ADIC makesuseof oneor more of thesemodulesfor generatinghe derivative code. The usermustselecta
modulewheninvoking ADIC. The currentdistributionincludesthe Gradient andHessian modules,which
computethe rst andsecondderivatives,respectrely.

3.2 A CloserLook at the GeneratedCode

ADIC makeghefollowing changesn thecourseof generatinghe codethatcomputethe derivatives. SeeChap-
ter 8 for furtherdetailson compiling ADIC-generatedierivative code.

Generated Files. For eachsource le namewith sufx .x (e.g.,foo.c ), ADIC generates corresponding
derwvative sourcele with thesufx .ad.x (e.g.,foo.ad.c ). ADIC alsogeneratesiheaderle, ad_deriv.h
(orrather<prefix>d er iv. h, where<prefix> canbespeci edin thecontrolscript,seeChapter7; thedefault
is ad_), automaticallyincludedby all the generatedsource les. The headercontainsappropriateADIC type
declarationsand prototypes. Differentheader les are generatedlependingon the derivative modulechosen
andalsothe optionsselectedvhenADIC is invoked. A commandine optioncandisablethe generatiorof the
headerTo seea summaryof all commandine options,run ADIC with noarguments.

Typechange. ADIC changeshetypeof double orfloat variablesnto DERIV_TYPEde nedinad_deriv.h
shawvn in Figure 3.8. In this case,DERIV_TYPE is de ned asa structurecontaininga oating-point value and
anarrayof oating-point values,correspondingo the Jacobiarof the variablewith respecto theindependent
variables. The actualde nition of the type dependn how ADIC is invoked. The type changeresultsin the
changeof ary datastructurecontainingan (active) oating-pointvariable.lt is possibleto disablecertaintypes
from beingchanged.This canbe doneeitherin a control script (seeChapter7 or by changingthe type name
in thesourcele from oat or doubleto InactiveFloator InactiveDouble respectiely. Thisis usefulwhenwe
know variablesof thosetypesareinactive andthusneednothave ary associatedlerivative objects.

Function namechange. At times,derivative codemustcoexist with the original functions.Thisis especially
the casein librariescontainingboththe original anddifferentiatedversions.In orderto reducenamecon icts

Thereis anoptionthatspeci esthatheaderles shouldnotbeinlined,in whichcasethoseheaderles mustbeprocessethroughADIC
separately

11
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/ DISCLAIMER /

/*

I* This file  was generated on 01/09/01 11:16:01 by the version of

I* ADIC compiled on 12/18/00 16:11:29

/*

I* ADIC was prepared as an account of work sponsored by an

I* agency of the United States Government and the University of

* Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT
* NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING
* ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY,EXPRESS
* OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR
I* THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR
* PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE
I* PRIVATELY OWNELRIGHTS.

/*

*/
*/
*/
*/
*
*/
*/
*/
*/
*/
*/
*/
*/
*/

/ ****/

#if  defined(AD_DERIV_H)
#define  AD_DERIV_H

typedef  double InactiveDouble;
typedef float InactiveFloat;

#if !defined(ad_GRAD_PTR)
#define ad_GRAD_PTRO
#endif

#if ldefined(ad_GRAD_MAX)
#define ad_GRAD_MAX5
#endif

#define  AD_INIT_MAP()

#define  AD_CLEANUP_MAP()
#define AD_GET_DERIV_OBJ(x) ((void*)(&x.value+1))
#define  AD_FREE_DERIV_OBJ(x)
typedef  struct  {

double value;

double  grad[ad_GRAD_MAX];

} DERIV_TYPE;

#define DERIV_val(a) ((a).value)
#define DERIV_grad(a) ((a).grad)
#define  _FLOAT_INITIALIZER_(x) { x, 00 }

void ad_AD_lInit(int);

void ad_AD_Final();
#include  "ad_grad.h"
#define  nullFunc(x) 0
#endif

Figure3.8: File ad _deriv.h
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#include  "ad_deriv.h"
#include  <stdio.h>

#define  MAXLEN100
typedef struct  {

int len;
DERIV_TYPE* x, *y, r;
} data_t;

void ad_cos_angle(data_t*);

int main() {

int i,
double grad[ad_GRAD_MAX], t1, t2;
data_t data;

DERIV_TYPE x[MAXLEN], y[MAXLEN], r;

[*inialize*/
ad_AD_Init(ad_GRAD_MAX);

/* read in values*/

scanf("%d", &n);

for (i =0; i <n; i++) {
scanf("%lf %If",  &tl, &t2);
ad_grad_axpy_O(DERIV_grad(x[i]));

DERIV_val(x]i]) = t1;
ad_grad_axpy_O(DERIV_grad(y[i]));
DERIV_val(y[i]) = t2;

}

data.len = n; datax = x; datay =y,

/*set  independent  variables*/
ad_AD_SetindepArray(x, n);
ad_AD_SetindepDone();

[*invoke the function*/
ad_cos_angle(&data);

[*extract the gradient vector*/
ad_AD_ExtractGrad(grad, data.r);
[*print the result and partials*/
printf("%le\n", DERIV_val(data.r));
for (i =0; i <n; i++) {
printf ("%le\n", grad[i]); [*partials*/
[*cleanup*/
ad_AD_Final();

}

Figure3.9: File func _driver.c

13




with the original source ADIC prependsachfunctionnamein the sourcewith a pre x. The defaultpre x is
ad_, but adifferentpre x maybe speci edin a controlscript. SeeChapterl0for details.

Function type change. ADIC takeseachfunctionde nition andaugmentst with derivative computations.
As partof this processijf the original functionreturnsa oating-point value,thenthe functionis turnedinto a
procedue (e.g.,afunctionthatdoesnt returnavalue)thatreturnstheresultthroughthe rst agument.All calls
to thefunctionaresuitablymodi ed. Thenorm2 functionshavs this process.This modi cation doesnotoccur
for overloadedoperatorgn C++.

Intrinsic function calls. Thead_norm2 functionshovnin Figure3.7 containssomeextra codein handlingthe
sgrt intrinsic call. Functionssuchassqrt arenot continuoushdifferentiable(e.g.,sqrt(x)  whenx equals
zero). To alertthe userto suchan occurrence ADIC cancheckfor it and print a warningmessage.In other
casestheusermaywantto skip thesechecksto improve the performanceof derivative computations.

To supportcheckingand reportingof potentialexceptions,ADIC includesthe headeradintrinsi cs.h
wheneer math.h is includedin the source.ADIC alsoprovidesa reasonableefaultvaluefor the derivatives
sothatthe executioncanproceed.In fact, in mostcasesthe evaluationof anintrinsicata pointof nondifferen-
tiability doesnot compromisehe overallresult.

Generated special functions. ADIC generategwo specialfunctions,ad_ADInit andad_ADFinal , that
shouldbe calledfrom the driver. Thesefunctionsarede ned in the rst generatedourcele (for theexample,
in func.ad.c le). Theusercanprevent ADIC from generatinghesefunctionsby usinga commandline
option. Thead_ADInit  function performsinitializationsnecessarypeforeary otherdifferentiationsteps. In

the exampleabore, thead_ADInit  functionmakesa singlecall to ad_AD Gradinit ~ which is de ned in the
Gradient modulelibrary. Thead_ADFinal functionperformsary cleanupthatmaybenecessaty

3.3 A CloserLook at the Driver

Thedriver setsup independentariables callsthe derivative functions,andextractsthe derivative values.Inde-
pendentvariablescan be nominatedat runtime, ratherthanat translationtime. Thusthereis no needto rerun
ADIC if the setof independentariableschanges. This stratgy facilitatesthe constructionof differentiated
librariesin which onecannotknow in advancewhich of theinputswill be electedasindependents.

Thefunc _driver.c le shavnin Figure3.9containghecallstovariousADIC functions.Theindependent
variablesarespeci edthrougha seriesf callstoad _AD SetindepA rra y andad AD Setindep , andterminated
by the call to ad_AD SetindepD one. Thecall

ad_AD_SetIindepArray(x, n);

speci esthatn consecutie elementof thearrayx areindependentariables.The call
ad_AD_ExtractGrad(grad, r;

extractsthe Jacobiarof theresultr intothearraygrad . Thecall
ad_AD_ExtractVal(val, r;

extractstheresultitselfinto the oating-point variableval .
Exceptfor thevariablesgrad andval , all the other oating-point variablesareof type DERIV_TYPE Man-
ually writing driverscanbetediousanderrorprone.For example,we hadto makesurethatMAXLENde ned on
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line 4 of Figure3.9wasthesameasde nedin func.h . We canuseADIC to easehetaskof writing thisdriver.
First, we rewrite func _main.c to includethenecessaryallsasshavn in Figure3.10. Note thatwe declared
grad arrayasinactiveD ouble to makeit inactive (Inactive Doubl e is de ned internallyby ADIC asan
inactive type). The resultof runningit throughADIC is shawvn in Figure3.11. This codecanbe thendirectly
compiledandlinked.

1 #include  <stdio.h>

2 #include  "func.h"

3

4 int main() {

5 int i,

6 data_t data;

7 InactiveDouble grad[MAXLEN], t1, t2, val;
8 double x[MAXLEN], y[MAXLEN], r;
9

10 #if defined(ADIC)

11 AD_Init(ad_GRAD_MAX);

12 #endif

13

14 /* read in values*/

15 scanf("%d", &n);

16 for (i =0; i <n; i++) {

17 scanf("%lf %If",  &tl, &t2);
18 X[i]=  t1;

19 ylil = t2;

20 }

21 data.len = n; datax = x; datay =y,
22

23 #if  defined(ADIC)

24 AD_SetIndepArray(x, n);

25 AD_SetindepDone();

26 #endif

27

28 [*invoke the function*/

29 cos_angle(&data);

30

31 #if defined(ADIC)

32 AD_ExtractGrad(grad, data.r);
33 AD_ExtractVal(val, data.r);

34 #endif

35

36 [*print the result*/

37 printf("%le\n", val);

38 #if defined(ADIC)

39 for (i =0; i < n; i++)

40 printf ("%le\n", grad[i]); [*partials*/
41 }

42 AD_Final();

43  #endif

44 3

Figure3.10:File func _main2.c .
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/ DISCLAIMER
/*

I* This file  was generated on 01/08/01 16:05:16 by the version

I* ADIC compiled on 12/18/00 16:11:29
/*
I* ADIC was prepared as an account of work sponsored

by an

I* agency of the United States Government and the University
I* Chicago. NEITHER THE AUTHOR(S), THE UNITED STATES GOVERNMENT */
* NOR ANY AGENCYTHEREOF, NOR THE UNIVERSITY OF CHICAGO, INCLUDING */
* ANY OF THEIR EMPLOYEESOR OFFICERS, MAKESANY WARRANTY ,EXPRESS */
I* OR IMPLIED, OR ASSUMESANY LEGAL LIABILITY OR RESPONSIBILITY FOR*/
* THE ACCURACY,COMPLETENESS,OR USEFULNESSOF ANY INFORMATION OR */
* PROCESSDISCLOSED, OR REPRESENTSTHAT ITS USE WOULDNOT INFRINGE */

I* PRIVATELY OWNELDRIGHTS.
/*

/

/
#include  "ad_deriv.h"
#include  <stdio.h>
typedef  struct {
int len;
DERIV_TYPE *x, *y, r;
} data_t;
void ad_cos_angle(data_t *);
void ad_norm2(DERIV_TYPE *ad_var_ret,int
int main() {
int i, n;
data_t data;
InactiveDouble grad[100], t1, t2, val;
DERIV_TYPE x[100], y[100],
int ad_var_0, ad_var_1,;
ad_AD_Init(ad_GRAD_MAX);
scanf("%d", &n);
for (i = 0; i <n; ) {
scanf("%lf %lf", &tl, &t2);
ad_grad_axpy_0(&(X[i]));
DERIV_val(x]i]) = t1;
ad_grad_axpy_O(&(y[i]));
DERIV_val(y[i]) = t2;
ad_var_ 0 = i++

data.len =n

data.x ;

datay =y;

ad_AD_SetindepArray(x, n);

ad_AD_SetindepDone();

ad_cos_angle(  &data);

ad_AD_ExtractGrad(grad, data.r);

ad_AD_ExtractVal(val, data.r);

val = DERIV_val(data.r);

printf("%le\n", val);

for (i = 0; i <n; ) {
printf("%le\n", grad[i]);
ad_var_1 = i++

I
x

}

ad_AD_Final();
}
void ad_AD_Init(int arg0) { ad_AD_Gradlnit(arg0); }
void ad AD_Final() {_ad AD_ GradFinal(); }

,DERIV_TYPE

);

of

*/
*/
*/
*/
*
*/

*/
*/

****/

Figure3.11:File func _main2.ad.
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Chapter 4

Using ADIC

4.1 Preparingthe Source

In this chaptemwe describetheinvocationsemanticof ADIC.

Working with pre-ANSI C. ADIC expectsANSI-C source. If the userprogramusesthe old K&R style
functiondeclarationsit shouldbe rst runthroughGNU protoizeto convertto usingANSI-C styledeclarations
andgeneratgroperfunctionprototypes.

% protoize filel  file2

Working with C++. ADIC canalsohandlesomeC++ source. However, the coverageof the C++ language
is not completeat this point. A command-lineoption mustbe speci ed when processingC++ source. For a
summaryof all commandine options,run ADIC with hoarguments.

Working with multiple source les. Multiple sourceles canbe speci edwith ADIC. SinceADIC currently

doesnotperformary interprocedurahnalysisjt makesa little differencewhetherthe sourceles arespeci ed

all at onceor one per invocation. It is recommendedhowever, thateachnontrivial source le is processed
separately

Working with header les. The systemheadergincludedusing#include directveswith the lename en-
closedin anglebracketsmostlydealwith the noncomputationadystemfunctionsandthereforedo not needto
be differentiated ADIC assumeshatall functionsandglobalvariablesdeclarednsidesystemheadersareinac-
tive, which meanghatary usercodereferencinghemis processe@ccordingly The soleexceptionis math.h ,
which declaregntrinsic numericfunctions. The declarationsn userheadergincludedusing#include  direc-
tiveswith the lename enclosedn quotes)are not madeinactive by default(althoughthe usercan explicitly
maketheminactive througha control script). It is importantthatall systemheadertinclude directivesuse
anglebracketdo preventincorrectcodegeneratioror inability to procesghesource le.

In addition, ADIC by defaultinlines user headersin the sourcethat includesthem. By usingthe -u
commandine option,userheaderawill notgetinlined but insteadthe generatedourcewill contain#include
directivesfor the differentiateduserheadersif this optionis usedtheheaderle mustbe processedeparately
by ADIC. SeeChapter for furtherdetails.

For theexamplein Chapter3, if we usethecommand

17



% adiC -uv -d gradient -i func.init

andaddthefunc.h entryto the func.init  , we getthefollowing func.ad.c  (the body of the functionis
omittedsinceit is unchangedrom the previousversion):

#include  "ad_deriv.h"
#include  <math.h>
#include  "adintrinsics.h"
#include  "func.ad.h"
void ad_cos_angle(data_t *pdata) {
}
Thedifferentiatecheaderfunc.ad. h, contains

typedef  struct {

int len;
DERIV_TYPE *x, *y, r;
} data_t;

void ad_cos_angle(data_t*);
void ad_norm2(DERIV_TYPE*, int, DERIV_TYPE¥);

Selecting different pre xes. In orderto reducenamecon icts with the original sourcecode, ADIC can
prependeachtype, function, andvariablenamein the with a pre x. Differentpre xes may be speci ed for
differentnametypes. For example,we canspecifyonepre x for all the functionnamesandanotherfor all the
typenames.Thepre xesarespeci ed in the controlscript. SeeChapterl0for details.

Incorporating domain knowledge. The usermay know that certainfunctionsdo not needto be augmented
with derwvatives (for example, detuggingfunctions). Whenthesefunction namesare speci ed in the control
script, ADIC will not augmentthemwith derivatives. If a functionis inactive, thenall amumentsare made
inactive. ADIC ensureghatary call to thefunctionwith active algumentsareproperlyhandledthatis, only the
valuepartof anactive variableis passedratherthanthe entireDERIV_TYPE

Checking. If asourcecontainsacallto anintrinsicfunctionsuchassin , ensurghatmath.h isincludedusing
anglebrackets.Justdeclaringthe properprototypeof theintrinsicfunctionby itselfis notenough.

4.2 Invoking ADIC

Invoking ADIC to generatalerivative codeis quitesimple. The basicformatis:

% adiC -OPTIONS [filel  ..]

When no option or invalid optionsare speci ed, the usageinformationwill be printed. The command-line
optionsareasfollows:

-d module_name The usercanspecifythe derivative AIF modulethat determineghe type of derivativesthat
will begeneratedlf this optionis notspeci ed,thenADIC will printouttheavailablemodules.

-v Thisturnsontheverbosemodeanddetailsvariousphase®f ADIC processing.
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-a Insteadof usingcpp preprocessothe usercaninstructADIC to usethe GNU gcc preprocessowith this
ag.

-t This speci es that the specialinitialization and nalization functionsshouldnot be created. This option
generallyis usedwhenanumberof les thatwill belinkedtogethemrebeingdifferentiatecandonly one
of themneedsgo containthe specialfunctionde nitions.

-C If theuserhasa C++ program this optionshouldbe speci ed.
-i control_le Thisspeci esacontrolscriptnamedcontrol _file

-l include_dir Thisspeci esadirectoryto besearchedo nd include les. Thisdirectoryis searchedbefore
thestandardlirectories.Multiple -1 optionsareallowed.

-k ThisdirectsADIC to regenerateénactive functionde nitions completely

-D This speci esa macrode nition thatwill be passedlown to the C preprocessoror example,theusercan
usethisto selectthe properconditionaldirectives. Multiple -D optionsareallowed. The macrosmayalso
be speci edin thecontrol le (underthe DEFINES section).

-h Thisspeci esthatthespecialheaderle ad_deriv.n  shouldnotbe created.
-g ThisdirectsADIC to useguardsaroundunmodi ed globaldeclarations.
-s Thisspeci esthesilentoperation It will notprintarny messagesjnlesshereis anerroror awarning.

-u Thisspeci esthatuserheaderles shouldnotbeexpandednline. In this case theusershouldmakesurethe
headerles areprocessedhroughADIC.

While processingADIC generatesariousworking les, which will automaticallybe deletedunlesserrors
areencountered.

After errorsare xed andADIC runssuccessfullytheworking les will bedeleted.
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Chapter 5

The Gradient Module

The Gradient modulecan be usedto computethe Jacobian of  dependentariableswith respectto
independent/ariables. The costof the computationis on the orderof timesthe function evaluation. By
appropriatelyinitializing the gradientobjectsof the independentariables(seedmatrix ), we canactually
computethe product atthe costof computing columnsof . Hence,we candirectly compute
directionalderivatives.

ThedefaultGradient modulede nesonederivativeobjectcalledgrad associatewvith eachactivevariable.
grad is anarrayof oat values. The arraysizeis x ed at compile time andis equalto the ad_GRADMAX
macrovalue. The usermustde ne this macroat compiletime. The derivative objectof s referencedby
DERIV_grad ( ).

The following setof bindingsis available (speci ed in the controlscript). SeeChapter7 for detailsof the
controlscriptformat.

GRAD_INLINE = no,yes Theaccumulationoopmaybeeitherinlinedor performedhroughafunctioncall.

GRAD _MAX =0..n This valuespeci esthe defaultmaximumsize of the gradientobject. This valuecanbe
overriddenduringthe compilationstage.

GRAD _CALL PARAMS = fulllite Thisbindingis notusedcurrently

GRAD _MAX _ARITY =0..n Theruntimelibrary thatcomeswith the Gradient modulefor handlingpartial
derivative accumulatiorhasan optimizedversionfor eachnumberof uniquevariableson the right-hand
side,upto . Beyondthat, a general-purposeoutine performsthe accumulation.The usershouldnot
changethis settingin general.

GRAD_NO_OPTIMIZE = 0,1 Exceptfor dehuggingpurposesthisvalueshouldalwaysbeO.
In orderto computethe Jacobianthefollowing callsmaybeused:

ad_AD _Setindep(var) This call increaseshe numberof independentariablesby one. It setsthevariablevar
to bethe th independentariable. var may be eitherlocal or global. It alsoinitializes the derivative
objectassociatedvith this variable(e.g.,setsthe th entry of the derivative objectto 1.0 andtherestto
0.0). Theorderof callsto thisfunctionmirrorsthe orderof Jacobiarvaluesin derivative objects.

ad_AD _SetindepArray(var, n) Thiscallisusedosetanarrayof activevariabledobeindependentariables.
Startingfrom the rst elementof thearray eachsucceedinglements initialized asthe next independent
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variable(e.g.,thederivative objectsareinitialized correctly). The numberof independentariableds thus
increasedy

ad_AD _SetindepDone() This call signi es thatall independentariableshave beenspeci ed.
ad_AD _ResetIndep() This call canbecalledto seta new setof independentariables.

ad_AD _ExtractGrad(grad, var) This call extractsthewhole Jacobiarfrom var andcopiesto grad . grad is
anarrayof inactive oating-pointvariables.

In thefollowing example,we computethe rst derivative of variabler with respecto x, y, andz.
#include  "ad_deriv.h"

void main()

{
InactiveDouble grad[ad_GRAD_MAX];
DERIV_TYPE X, vy, z,
ad_AD_Init(ad_GRAD_MAX);
set values of x, vy, z
ad_AD_SetIndep(x); [*variable X is the independent variable 1*
ad_AD_SetIndep(y); [*variable y is the independent variable 2%/
ad_AD_SetIndep(z); [*variable z is the independent variable 3*/
ad_AD_SetindepDone(); /*done setting independent  variables*/
ad_function(&r, X, Y, 2); /*Yinvoke  the derivative function*/
ad_AD_ExtractGrad(grad, r; [*extract the Jacobian into grad*/
print(grad); [*grad[0] is dr/dx, grad[l] is dr/dy,

grad[2] is dr/dz; print is a user-defined
routine ¥/

ad_AD_Final();

}

5.1 Computation of

To supporthe initializationof the seedmatrix, thefollowing routinesare provided:
ad_AD ClearGrad(var) All elementof thederivative objectof var variablearesetto zero.

ad_AD _SetGrad(grad, var) Thiscallis thecomplemenbf ad_AD ExtractG rad : it initializesthe gradientof
var with grad . grad is anarrayof inactive oating-point variables.

Toinitializetheseedmatrix ~ with  columnsthefollowing stepscanbe used(we assume , Where
is thenumberof independentariables):

1. Callad_AD Setindep for ary setof independentariables.

2. Usethe above routines(i.e., ad AD_ClearGrad,ad AD_SetGrad)to resetthe gradientof independent
variablesto the desiredvalues. Eachrow of  correspondso a particulargradientof an independent
variable.
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In thefollowing example,we computelJacobian*\éctor(

resultingin a scalarvalue.

#include

"ad_deriv.h"

void main()

{

InactiveDouble grad[ad_GRAD_MAX];
DERIV_TYPE X, vy, z, T;

ad_AD_Init(ad_GRAD_MAX);

, Where isavectorand isacolumnvector)

* ... set values of x, vy, z .. *

ad_AD_SetIndep(x); /* select any independent variable*/
ad_AD_SetindepDone(); /* done setting independent  variables*/
/* set seed matrix (a vector with all ones)*

grad[0] = 1.0;

ad_AD_SetGrad(grad, X); /* set row 1%

ad_AD_SetGrad(grad, y); /* set row 2%

ad_AD_SetGrad(grad, 2); /* set row 3*

ad_function(&r, X, Y, 2); /* invoke the derivative function*/
/* extract the Jacobian (really just a value) into grad*/
ad_AD_ExtractGrad(grad, r;

¥ ... print grad[0]; X /¥ print  J*V*¥/

ad_AD_Final();
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Chapter 6

Intrinsic Functions

Two intrinsic functions,max andmin , usuallyarede ned asmacros.They arenotde ned in math.h . In order
for ADIC to treatthemasintrinsic functions,the usermustprovide prototypedor them. The following code
may beinsertedn thecodeto bedifferentiated:

#undef max /*remove  possible  macro definitions*/
#undef min

double max(double,double);

double min(double,double);

Sincemin/max canbe usedfor non oats, insteadof overloadingthesefunctions,fmin/fma x maybeused
instead.Again, theusermustprovide the properprototypedor them:

double fmax(double,double);
double fmin(double,double);

Important: The#include directive shouldbe math.h ratherthan’math.h”. If the codeto bedifferen-
tiatedhasbeengeneratedvith f2c  or asimilartool, theincorrectincludedirective maybe generate@ndwould
needto be x edmanuallybeforeapplyingADIC.
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Chapter 7

Using Control Scripts

Controlscriptsaretext les structuredhsa seriesof sections Eachsectionis headedy a sectionnameenclosed
in bracketsfollowedby a setof controllinescalledbindings.A bindingrepresents particularattributethatwe
wish to controlandconsistof a key anda value. A sectionis endedby a blankline, the beginningof another
section,or theendof the le. Controlscriptscanincludeothercontrolscripts.

ADIC de nesa setof prede nedsectionsandbindings.In addition,eachmodulecontrikutesits own setof
bindingsundera sectionnameequivalentto themodulename.Referto eachmodules manualfor thedescription
of its bindings.

The standardADIC distribution containsa control scriptnamedadic.init . This systemscriptis always
read rst duringADIC processing.

In the additionto the global script adic.init, an architecture-speci ccontrol script for eachplatform is
provided. The namingcorventionis adic.init . arch, wherearch is the appropriateplatform name(e.g.,
adic.init.solarisfor the Solarisdistribution). Most commonly the architecture-speci ccontrol les are used
for specifyingpreprocessabindingsandthe locationof the perl executable.Somesystem-speci anacroscan
alsobelistedin the[UNEXPANDED MACROS]section(seeChapter for moredetails).

Any userspeci ed control scriptsare processedext. The bindingsspeci ed in the userspeci ed control
scriptsoverridethe samebindingsin the adic.initscriptandthe appropriatearchitecture-speci acript.

Thegeneraformatof script les is

[sectionl]
keyl [= value]
key2 [= value]

[section2]
keyl [= value]
key2 [= value]

Onary line, commentsegin right afterthe semicolorandarethusignored.A goodway to temporarilydisable
a particularbindingis to putthesemicolonin front of it.

The value portionof bindingsshouldbe enclosedn doublequoteslike the C stringsif it containsspecial
charactersuchasspacesandsemicolonsDoublequotesn thevaluestringshouldbe pre x edby the backslash
characterExamples:
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key = hello
key = "may be"
key2 = "value contains \"quotes\" and semicolons;

The samesectionmay appearmultiple times. All the bindingsfrom the samesectionwill be collected
togetherIf thesamebindingkey arerepeatedthelaterbindingwill overridetheearlierones.

In therestof this chapterwe describeeachcontrolscriptsection.Thevalid rangeof numericbindingvalues
is indicatedby [begin..end].Somebindingvaluesmay only takeon oneof several prede nedvalues.Theresult
is unpredictabléf thevalueis notoneof theprede nedvalues.

7.1 [GENERAL]

This control le sectioncontainsa grab-bagollectionof bindingsthataffect the overall operatiorof ADIC.

include = string Whenthisbindingis encounteredheprocessingf thecurrentscript le is suspendedndthe
script le speci ed by thebindingvalueis processedTheremay be multiple suchincludes.

pre x =string ADIC prependsachfunctionnamewith a pre x. This pre x is alsousedin generatingnost
internalvariablenames.Thedefaultpre x is ad_. Theusermay overridethe defaultwith this binding. If
the userspeci esthe pre x bindingwithoutthe value,thenno pre x is prependedlin the caseof C++,
the memberfunctionsof a classdo not getchangedthis is unnecessarpecausehe classnamecanbe
changedseebelow).

var_pre x =string By default, ADIC doesnot changevariablenames.In thatcasethe original functionand
the derivative-enhancedersioncannotbe usedwithin the samescope,since ADIC changeghe type of
active variablesthuscausingypecon icts. To avoid this,theusermayde ne avar_pre x binding,which
wouldbeusedto prependall variablenamesn the differentiateccode.

type_pre x =string Type namessuchasatypedef name,struct/uniontagnamesandC++ classhamemay
be prependedvith a pre x. For C++, in orderto distinguishbetweenthe original classandthe ADIC-
processedlass,the usershouldspecifythis binding. The defaultis no pre x, which in somecasesmay
causetypecon icts (seeexplanationfor var_pre x).

aif version=10..n ADIC implementsthe AIF interfaceusedby plug-in modules. As AIF evolves,they are
assignedifferentversionnumbers.ADIC noti es the modulethe latestAlF versionthatit cansupport.
However, if thisbindingis presentit will overridethisinternalvalue. Thisline is usedfor testingdifferent
versionsof plug-inmodules.Normally, the userwould not needto modify this binding.

order = 0..n Eachderivative modulehasa defaultderivative order In mary cases,eachmodule may sup-
portonly a singleorder For example,the Gradient modulesupportonly rst-order derivatives. The
Hessian modulesupportsrst- andsecond-ordederivativesdefaultingto secondordet The usermay
overridethedefaultvaluewith thisbinding. Otherderivative modulesnay generatalifferentorderderiva-
tives.

include_dir = string The binding value speci es a list of directoriesto be searchedor included les. The
directoriesare separatedby eithercolonsor commas.Thesedirectoriesare searchedeforethe standard
directories.
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7.2 [MODULES]

This control le sectioncontainsthe speci cationof all the available plug-inmodules.This sectionis listedin
thesystemscript le. Theusernormallydoesnotneedto dealwith this sectionexceptwhenmanuallyinstalling
plug-ins.Eachbindinghasthefollowing format:

name = type,order,filepath

Thenameidenti es a particulaiTmoduleandhencemustbeunique.In particular thisnameis usedto specify
a particularmodulein the ADIC commandine. Modulesalsomay be embeddednto ADIC. Make certainthat
thenamesof internalmodulesdonotcon ict with externalmodulenames.To seethelist of bothembeddednd
externalmodulenamesjnvoke ADIC withoutary amgument.Thetype eld speci esthetypeof modules.The
derivative modulehasthevaluederiv; theremay be differenttypesof modules.The order speci esthe default
derivative orderfor the module.The usershouldnotnormallychangethis value. The lepath tellsthe le path
of themodule.Thedirectorypartof the pathmaybe eitherrelative to the ADIC directoryor anabsolutepathin
which caseit mustbegin with a'/'.

Example:
[MODULES]
Gradient = deriv,1,bin/solaris/gradient
Hessian = deriv,2,/home/me/Hessian/hessian

The install processfor a new plug-in usually setsthe correctbinding automaticallyin the systemcontrol
script.

7.3 [INACTIVE FUNCTIONS]

ADIC normally considersall functionsto be active. The usercanspecify certainfunctionsto be inactive (i.e.,
no derivative computationsreto be performecdhor ary datastructurebe changedby listing thefunctionnames
in this section. This will also prevent the namechange. Normally, when an inactive function de nition is
encounteredADIC will notrecreatehebody(sinceit is alreadyde nedin theoriginalsourcewhich presumably
will belinked together) put ratheronly the prototypeis generatedt the point of thede nition. However, this
is not sufcient for staticfunctionsasthe original staticfunctionwill notbe visible to the generatedlerivative
sourceand hencethe compilerwill produceanerror. As anotheroption,the usercanspecifythatthe original
de nition berecreated.

ADIC normally considersfunctionsdeclaredwithin systemheadergo be inactive (this however can be
overridden).

Example:

[INACTIVE_FUNCTIONS]
creat
open
close
write
printf

The defaultsystemcontrol scriptincludesa numberof thesefunctionnames(suchascreat ). Although
mostof thesefunctionsare standardibrary functions,mary programsdo not containthe properheaderghat
declarethem. Therefore ADIC considerghemto be regularfunctionsandwill changethe functionnames.To
preventthis, we have listedcommonlibrary functionsin the systemscript.
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7.4 [NO_PREFIX_FUNCTIONS]

In somecasesthe usermaywish to preventcertainfunctionnameswhetheractive or not, from beingpre xed,
for example:

[NO_PREFIX_FUNCTIONS]
main

The default systemcontrol script includesone function, namely main , which doesnot get pre xed (the
functionitself maybe active).

7.5 [ACTIVE FUNCTIONS]

It may be usefulin somecasedo notify ADIC to treatcertainfunctionsasif they wereactive. As anexample,

theusermay have de nedits own atof ~functionthatshouldbetreatedasa normalfunctionby ADIC. Thelist

in theexamplebelow overridesthe INACTIVE _FUNCTIONSIist andary functionsdeclaredn systemheaders.
Example:

[ACTIVE_FUNCTIONS]
atof

7.6 [INACTIVE VARIABLES]

ADIC normally considersall oating-point variablesto be active. The usercanspecify however, that certain
globalvariablesareto be madeinactive by listing their namesn this section. This will alsopreventary name
change.

Example:

[INACTIVE_VARIABLES]
varl
var2

7.7 [INACTIVE _TYPES]

A typeis consideredactive if it is equivalentto a oating-point type (e.g., de ned with a typedef from a
oating-point type) or containsa subtypethatis active (e.g.,a structurecontaininga oat type). Theusercan,
however, explicitly specifycertaintype namesasinactive by listing themunderthis section. Inactive typesdo
not get modi ed. Variablesof an inactive type are considerednactive. All the componentof a compound
inactive type(e.g.,a struct)arealsoconsiderednactie.

Example:

[INACTIVE_TYPES]

mydouble
myStructType

ADIC prede nestwo inactive types,inactiveD ouble andinactiveF lo at , thataretypedef ed to dou-
ble andfloat |, respectrely. They maybeusedto declareinactive variablesn usercode.
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7.8 [INTRINSIC _CONTROL]

Theentriesin thiscontrol le sectioncontrolsthebehaior of intrinsicfunctionhandling.

reporting = verbose,eportoncecounting,tersgperformance When an oating-point exceptionoccursdur-
ing derivative computationof an intrinsic function, this binding speci es how the exceptionshouldbe
reported.Theperforman ce modeturnsoff checkingfor mary of the possibleexceptionconditionsand
performsa defaultaction(e.g.,reportonce).

7.9 [INTRINSIC _FUNCTIONS]

The namesof supportedntrinsic functionsare listed underthis section. The defaultsystemscript containsa
standardsetof intrinsic functionsthatit currentlysupports.Normally, nothinghereshouldbe changedunless
theuserhasaddedsupportfor new intrinsics.

Example:

[INTRINSIC_FUNCTIONS]

log
sqrt
cos
sin

7.10 [DEFINES]

In orderto processsourceles, all C macrosmustbe properlyde ned. C macrode nitions canbelistedeither
underthis sectionor on the command-linewith the-D ag. The generatedcodedoesnot containary macros
otherthanthosethatareexplicitly speci ed (seethenext section).

Example:

[DEFINES]
DEBUG
MAX_SIZE = 20

7.11 [UNEXPANDEMACROS]

In orderto prevent certainmacrosfrom beingexpandedby the preprocessotheir namesmay be addedunder
this section.SeeChapte for furtherdetailsandthe motivationbehindthis option.
Example:

[UNEXPANDED_MACROS]

putc
getc

7.12 [SOURCEFILES]

The setof source les to be processedanbe listed eitherunderthis sectionor onthe commandine. The rst
sourceis consideredhe “master” le andwill containthede nitions of specialfunctions(e.g,ad AD_Init() ).
Example:
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[SOURCE_FILES]
sourcel.c
source2.c
headerl.h

7.13 [STANDARDINCLUDES]

Certainuserheaderles have propertiessimilar to thoseof systemheaderles. Examplesarecommonnon-
numericlibrary headerssuchasmpi.h . Theusercannotify ADIC to treatcertainheaderles assystemheader
les by listing themunderthis section.

Example:

[STANDARD_INCLUDES]
mpi.h

7.14 [NO_INLINE _INCLUDES]

If theinlining of userheadersptionis choser(thisis the default),thenall userheadersareinlined. To prevent
certainheaderdrom beinginlined, theusercanlist themunderthis section.
Example:

[NO_INLINE_INCLUDES]
portable.h

7.15 Derivative Modules

Eachmodulecanhave a sectionthathasthe samenameasthe modulenameunderwhich it de nes its own set
of bindings.If amodulede nesary bindings,its manualspeci esthevalid valuesof thesebindings.
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Chapter 8

Building ADIC-Generated Derivative
Code

In orderto integratethederivative codeinto alargersystenmor to turnit into astandalon@rogram anappropriate
driver mustbe written.

All oating-point variablesare corvertedinto the DERIV_TYPE unlessthey have beenlistedasinactivein a
controlscriptor have beendeclaredasinactiveD  oubl e orinactive  Fl oat . In generaltheDERIV TYPEwill
beastructureype. The“value” of anactive variable isreferencedyDERIV_val( ). Eachderivative module
de nesoneor morenamedderivative objectsassociatedvith eachactive variable.A particularderivative object
of anactivevariable isaccessethty DERIV_name( ) wherenamespeci esthenameof theparticularderivative
object.

A typical processn writing the driver involvesthefollowing:

1. Declareall input oating-point variablesto be referencedy the derivative function(eitherasparameters
or asglobals)astype DERIV_TYPE

2. Toinitialize avariable tovalue2.0,use

DERIV_val(x) = 2.0;

3. Call theinitialization functiongeneratedy ADIC, typically calledad ADnit() (theactualnamede-
pendsonthepre x string).

4. Specifyindependentariablesandinitialize them. The exact proceduredepend®n the particularderiva-
tive moduleto beused.

5. Invokethederivative function(s).
6. Extractthederivativevalues.Theexactproceduralsodepend®ntheparticularderivative modulechosen.

7. Call the nalization functiongeneratedy ADIC, typically calledad ADFinal()  (the actualnamede-
pendsonthepre x string).

In the following example,we compileandlink two les, func.ad. c¢ anddriver.c . We generatedhe
derivativesusingthe Gradient module.We alsosetthe maximumnumberof independentariableso 5.
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% gcc  -IS(ADIC)/include -Dad_GRAD_MAX=5-c func.ad.c driver.c
% gcc -0 program func.ad.o  driver.o -L$(ADIC)/lib/$(ADIC_ARCH)
-IGradient -IADIntrinsics-C -Im
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Chapter 9

Handling C PreprocessoiDir ectivesand
Macros

The C preprocessindacility allows macrosanddirectivesto be de ned. The portability and e xibility of C
programsderive in part from this preprocessindacility. However, a translatortypically seesthe sourceonly
afterit hasbeenrunthroughthe preprocessocorvertingit into legal ANSI-C translatiorunits,which thencan
be correctlyparsed Hence,ary preprocessadirectvesandmacronameswill belostin thetranslatedsource.ln
mostinstancesno problemgesult. However, someof theportabilityand e xibility providedby thepreprocessor

facility arelost. The areaswherethislosscanoccurare examinedbelow:

Preprocessoconditionaldirectives are usedto selectvely include or leave out groupsof lines within
source les at compiletime. However, this decisionmustbe madeat the time of translatiorratherthan
be deferreduntil the compiletime of thetranslatedource. The directivesare oftenusedfor deluggingor
handlingsectionf the sourcethataremachinespeci c.

#include  directives are usedto include the contentsof the standardor userheader les. Sincethe
implementatiorof the standarcheaderss systemspeci c, their contentsarenot portableacrossmachines
in general.

A macrocanrepresentry text. A functionlike macrocan also take aguments,performingagument
substitutionsduring the preprocessingtage. Wherever the macro nameoccursin the source,it gets
expanded. The expansionof macrosdoesnot presentary problemif the translatedsourceis compiled
on the samesystem.However, the expandedmacrosmay not be portableacrossmachinesor evenacross
compilers. For example,someof the macrosde ned in the standarcheadersare system-dependentn

fact,anamemaybedeclaredifferentlydependingpnthesystem.A typical exampleis FILE , declaredn

stdio.h  standarcheaderle. It is amacronamein SunOSbut atypedef namein HPUX.

To dealwith thesepotentialproblemareas ADIC performsa numberof stepsto ensuremoreportability of

the augmentedource.ADIC hasa preprocessingtagethat“pre-treats”the sourcebeforeit is run throughthe
C preprocessoandsenton to the parsingstage.

ADIC mustbe run separatelyfor eachdesiredchoice of conditionaldirectives. To ensurethatthe C
preprocessowill selectthe appropriateext block, propermacrovaluescanbe passedo ADIC, which
will in turn passthemon to the preprocessoiMacrovaluesmay be speci ed eithervia thecontrol le or
througha command-lineoption.
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In the following example,the original sourcecaneithercountup or countdown dependingon the value
of the COUNIMODEMacro.

#if COUNT_MODE

for (i =0; i <n; i++) { /lcount up
telse
for (i =nl; i >=0; i) { /lcount down
#endif
func(i, k);

}

We mustpushforward the choiceof valuefor COUNTMODEO the translationstageby usingthe control
le seggment:

[DEFINES]
COUNT_MODE 1

or via the command-lineoption:

% adiC -v -d gradient -D COUNT_MODE=%ource.c

To handlethe#include  directive problem,ADIC marksthelocationsof ary includedtext andstoreshe
namef theoriginalheaderles. WhenADIC is generatingheaugmentedource the entirecontentsof
thestandarcheadersarereplacedwith theoriginaldirectives.

In the caseof userheadersin mostcasesit is notnecessaryo reconstructhe original#include  direc-
tivessinceit is assumedhatthe userheadersarewrittenin a portablefashion. However, the usercould

specifya commandline option (-u ), which will performthe reconstructionwith one difference. The

reconstructedtinclude  directive is changedto include the augmentecheaderle, usingthe standard
namingscheme For example,namesarechangedsfollows:

#include  "myinclude.h" => #include  "myinclude.ad.h"
#include  "commoncode.c" => #include  "commoncode.ad.c"

With the-u option,theheaderles mustbeprocessedeparatelypy ADIC. Withoutthisoption,theheader
les neednotbeprocessedby ADIC.

In orderto prevent expansionof certainmacros,the ADIC preprocessingtagecan eitherremaove the
macrode nition if de ned within a userinclude(whenthe-u optionis used)or unde ne it immediately
afterits de nition in a standarcheader Hence,the C preprocessowill not seethe macrode nition and
thuswill not expandthe macrousedin the source. To turn the macronameinto a syntacticallyvalid C

constructtheuserhasto specifya suitablereplacemende nition (e.g.,avariabledeclaratioror afunction
prototype).

The list of unexpandedmacro namesalong with their replacemente nitions can be speci ed in the
control le underthe UNEXPANDB MACROSection. The replacementle nition doesnot needto make
semanticsensethe only requirements thatit canbe parsedcorrectly For example,supposeMYMAXis
de nedin termsof DBL MAX whichis asystem-dependemaximumdouble-precisioroat value(de ned
in thestandarcheadeffloat.h ):

#define MY_MAX  DBL_MAX/2.0

33



To presere thisnamewherever it is usedinsteadf expandingt into theactualnumber(sinceDBL MAX
will getexpandedalso),the followingbindingcanbeadded:

[UNEXPANDED_MACROS]
MY_MAX = [static double MY_MAX;]

In essenceve aremoving MYMAXde ned in the macronamespaceinto a static oating-point variablein
the C namespace.lt is importantthatwe turnit into a variableratherthana constantsinceADIC might
optimizea constantway.

As anotherexample,a functionlikemacrocanbe handledasfollows:

[UNEXPANDED_MACROS]
getc = [extern int getc(FILE*);]

In this fashionwe turnthe getc() macro(de ned in stdio.h ) into a function prototypedeclaration.
Actually, for ANSI-C sourceprocessingbut not for C++), no agumentinformationneedbe provided.
Hence thefollowing worksjustaswell:

[UNEXPANDED_MACROS]
getc = [extern int getc();]

To handlea macrothatrepresentsitype,we cando thefollowing:

[UNEXPANDED_MACROS]
FILE = [typedef  struct _iobuf FILE;]

If theuserdoesnothave anideaaboutwhata properde nition shouldbe,the usercanmanuallyrun the
sourcethroughthe C preprocessafe.g.,cpp ) andchecktheexpansionthenmaketheappropriatéinding.

A potentialproblemcanoccurby unde ning macros.In someoldersystemsthede nition of amacrois
usedto determinewhethera standarcheademasalreadybeenincludedor not. If thatmacrois the one
unde ned,thenthe heademaybeincludedagain,causingmultiple de nition con icts. For example,on
BSD, the de nition of FILE is checkedto determinewhetherstdio.h  hasalreadybeenincluded. To
preventthis from happeningthe preprocessingtagewill keeptrackof encounteredtandarcheadersand
will ensurehatit is notincludedtwice.

34



Chapter 10

Controlling Naming

Theoriginalsourcedeclareshamegidenti ers) in variousnamespaceslypicalnamesnaybefunction,variable,
or typenames.n the proces®f augmentationthe semantic®f thesenamesarechangedFor example,double
variablemaybechangednto DERIV_TYPEVvariable.In othercasesthesemanticsemainthe same;for example,
anint variableis unchangedA con ict may occurif the original sourceandthe augmentedourceare used
(e.g.,linked)togethercausingsemantiaor syntacticcon icts.

To handlethesecon icts, namesmay be systematicallychangedy prependinghemwith a certainpre x.
Dependingnthetype of nameswe needto handlethemdifferently:

Functionnames:Eachderivative enhancedunctionmusthave its namechangedf the original function
is alsoto be usedin the sameprogram. The defaultsolutionadoptedby ADIC is to alwaysprependall
occurrence®f functionnames(bothuseandde nition) with the pre x. The pre x is controlledby the
prefix  binding. Therearetwo exceptionsto pre xing functionnames.First, in the caseof the standard
library routines,the namesshouldnot be changed. Sincewe cannoteasilyknow the namesof all the
standardibrary routines,we storethe namesof all library routinesdeclaredinsideary standarcheader
includedin the source. Whenerer sucha nameis encounteredthe functionis considerednactive and
henceits namedoesnot get modi ed. Secondthe callsto standardmath library routinesare handled
specially The namesof the standardnathroutinesarelistedin the controlscript le.

Typedefs:Typedefsareeffectively analiasof someothertype,a shorthandor a type composition.If the
basetype containsa oat type somavhere,thenwe may wish to changethe name. The type _prefix
bindingmay be usedto attacha pre x to all typenames.

structs,unions,and classes:Structand uniontag namescan alsobe attachedwith a pre x throughthe
type _prefix  binding.

C++ Methods: Since classmethodsare declaredwith respectto a particularclass,theseneednot and
shouldnot change gspeciallythe overloadedperators.

Variable names:Only globalvariablesneedto be changedandonly if boththeoriginalandthederivative
functionsareto be usedin the sameprogram.The pre x is controlledby var _prefix  binding.

All identi ers declarednsidestandarcheadershouldnotbe changedsincethederivative codewill include
the samestandarcheadersin the caseof externalnumericallibrariessuchasthe BLAS, eitherthe sourcemust
be availableto berunthroughADIC or the differentiatedversionmustbe available. In future versions, ADIC
distributionsmayincludethe derivative-enhancegersionsof popularnumericallibraries.
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Chapter 11

Handling Intrinsic Calls

Invoking anintrinsic functionthrougha functionpointermay causeproblemssinceall intrinsic functionsmust
be handledspeciallyandreplacedy a speci ¢ sectionof code. The problemarisesfrom thelack of anaddress
associateavith this sectionof code.
The solutionis to createa wrapperfunction that calls the intrinsic function. Wheneer an addressof an
intrinsic functionis taken,it shouldbe changednto theaddres®f the correspondingvrapperfunction.
Eventually ADIC will automaticallyperformthis step.For now, theusermustdo this stepmanually
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Chapter 12

AdvancedControl

This sectionis for advancedusers.Our currentfocusis on guardingglobaldeclarations.

Global declarationsuchasenums,andary typedefs/ariables/structgeclaredasinactive canbe guarded
by ADIC-generatedinique#ifdef directives. This alsoobviatesthe needfor changinghe enumvalues.

To generatgguards specifythe ag -g wheninvokingadiC.

The guardwill be addedonly to headerles; it doesnt makesenseto guardthe generatedourcecode. To
determinavhethera le isaheaderor not, ADIC useghesufx name.Theheaderlename musthave thesufx
.hor.H.

The guardmacrois distinctfor eachheaderle; otherwisethe usermustincludeoriginalheaderdor each
differentiatedheaderincludedeven if the usermay be interestedin using only one of the original headers.
A biggerproblemis that differentmakerules mustbe addedfor usercodesthat includethe original andthe
differentiatecheadersandfor ADIC-generateccodethatincludesonly the differentiatedcode. To solwe this
problemandthe extra hassleof keepingtrack of which macrosto de ne, ADIC usesthefactthatmostheaders
have guardghemseles;thesesameguardsareusedfor ourpurposeaswell. Thenamingschemeof theseguards
is usuallybasedon somerule (e.g.,__basenamesufx __). The usercanspecifythistype of rule in the control
scriptusinga printf-like formatstring.

[GENERAL]
guard = _ %b %s__  ;(generates the above rule)
guard = _ %B_%S__  ;(generates the above rule with uppercasing

;the  letters)

%b -- base name ( e.g, xx in xxyy, and xy in xyz )
%s -- suffix ( yy in xxyy, and z in xyz )

%B -- uppercased base name

%S -- uppercased  suffix name

Output lename generatiorrule: The lename generatiorrule usesthe sameformat string as the guard
format.

[GENERAL]
filename_trans
filename_trans

%b.ad.%s s(the  default  rule)
ad_%b.%s ;(generates what the user wants)
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Chapter 13

Troubleshooting

In this section potentialproblemsarediscusse@ndpossiblesolutionsoffered:

If (supported)ntrinsicfunctioncallswith thepre x (e.g.,ad sin ) aregeneratedtheusermustmakesure
thatmath.h isincludedusinganglebrackets.

If thecollectionof sourceles istoolarge, ADIC will notbeableto handlethemdueto lack of memory
In this case theusermustinvoke ADIC separatelyor eachsource.

If multiple de nitions are generatedafter processinggachsourceseparatelythe usermustmakesureto
use-t optionfor all sourcesxceptone.

ADIC triesto ensurethatary functionreferencedn the sourceandis declaredwithin standarcheaders
doesnotgetprependedvith thepre x. However, it is possiblehatsomefunctiongetspre x ed (especially
whenonly a partialor no prototypeinfo is given). Whenthisoccurs theusermustmanuallyputthe name
of the functionin the INACTIVE _FUNCTIONSsection. This problemusually occurswhenmary source
les areprocessedogether

ADIC expands/processedl macrosduring derivative generationunlessthosemacrosare speci ed un-
der the UNEXPANBD MACROSection. If the sourcecontainsC preprocessodirectives such#if  de-
fined(XXX ) andthesemacrosarede ned throughthecompilercommand-lineargumentstheusermust
makesureto de ne the propemacrode nition eitherthroughADIC command-lineor throughthe control
scripts.If themacrode nitions change ADIC would needto berunagain.

Whentestingnew modulestheusermustmakesurethe correspondingontrolsectionassociatedvith the
new moduleis setup correctly
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Chapter 14

Known Problems

In this section known problemsandpossiblenvorkaroundsrediscussed:

In C++ mode,the parserdoesnot recognizethe external languagespeci er “C++". This problemwill
breaksomestandardC++ headersuchasiostream. h. Also, defaultagumentscannotbe handled.No
workaround.

In ANSI C, gotolabelshave functionscope. ADIC expectsgotolabel namesto be uniquewithin each
translatiorunit.

Currently C++ keywordssuchasnew anddelete  arerecognizedasresened tokensevenwhenprocess-
ing C les. Hence makesurethesenamesarenot used.

Checkthe ADIC websitefor amorecurrentlist of problemsandworkarounds.
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